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Ethyl sulfate (EtS)—a new direct marker for ethanol intake besides ethyl glucuronide (EtG)
and others—was detected in urine samples by electrospray ionization tandem mass-spectro-
metry (LC-ESI-MS/MS). Ethyl sulfate sodium salt was used for method development, yielding
a precursor [M  H] m/z 125 and product ions m/z 97 [HSO4]
 and m/z 80 [SO3]
.
Pentadeuterated EtS (D5-EtS) was synthesized by esterification of sulfuric acid with anhydrous
hexadeutero ethanol ([M  H] m/z 130, product ions m/z 98 [DSO4] and m/z 80 [SO3]).
After addition of D5-EtS and D5-EtG, urine samples were analyzed by direct injection into the
gradient LC-MS/MS system. Analysis was performed in accordance with forensic guidelines
for confirmatory analysis using one precursor and two product ions. EtS has been detected (in
addition to EtG) in the urine samples of nine volunteers after drinking sparkling wine
containing between 9 and 49 g of ethanol. Both EtS and EtG could be detected up to 36 h after
consumption of alcohol. The excretion profile was found to be similar to that of EtG. No EtS
was found in teetotalers’ urine samples. Method validation parameters are presented. EtS was
stable in urine upon storage up to twenty days at room temperature. In addition to EtG, EtS
can be used to detect recent alcohol consumption, thus providing a second marker for the time
range of up to approximately one day after elimination of ethanol from urine samples. The
determination of EtS can be used in addition to EtG as proof of ethanol consumption in
workplace monitoring programs. (J Am Soc Mass Spectrom 2004, 15, 1644–1648) © 2004
American Society for Mass SpectrometryEthyl sulfate (EtS) is a newly discovered directethanol metabolite. The formation of ethyl sulfateby conjugation of activated sulfate and ethanol by
rat liver was reported in 1959 [1], and its detection in rat
urine after dosing with 35S-sulfate and ethanol, was
performed by thin-layer chromatography and by auto-
radiographic detection on X-ray films [2]. Lung tissue
was found to have the ability to metabolize ethanol via
glucuronidation [3] and by sulfation [4, 5]. Later, Man-
autou and Carlson compared the hepatic and pulmo-
nary metabolism via glucuronidation and sulfation in
rats and rabbits [6]. Meanwhile, for sulfate conjugation
a superfamily of cytosolic sulfotransferases has been
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doi:10.1016/j.jasms.2004.08.004described that shows a genetic polymorphism [7]. The
conjugation of aliphatic alcohols in humans has been
mentioned by Bonte et al. when investigating metabo-
lites of higher aliphatic alcohols [8]; detection was
performed indirectly via cleavage by sulfatase followed
by analysis of the alcohols. However, no direct analyt-
ical method to detect and quantify EtS as a marker for
recent ethanol consumption by humans has been avail-
able until very recently. Parallel to our work, Helander
and Beck have developed an LC-ESI-MS assay using
single-quadrupole mode and D5-ethyl glucuronide as
internal standard for quantitation of EtS in urine sam-
ples [9]. However, selected ion monitoring of the de-
protonated molecule with a single-stage quadrupole
MS cannot be applied to forensic samples as the only
method for compound detection, since it does not fulfill
forensic criteria to prove compound identity [10]. When
the results of urine drug testing can affect an individu-
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acceptable analytical procedures must be utilized, and
the findings legally defensible. For a confirmatory anal-
ysis in forensic, veterinary, or environmental toxicol-
ogy, international guidelines require chromatographic
separation and at least one precursor ion with two
product ions for compound detection and identification
by LC-MS/MS or monitoring of three selected ions with
single-stage MS instruments [11–13]. LC-ESI-MS/MS
seems to be the method of choice for forensic confirma-
tory analysis of EtS. Our aim was to develop and to
validate an LC-MS/MS method with two transitions for
EtS which would fulfill these requirements for forensic
confirmatory analysis, thus being suitable for the detec-
tion of relapse in alcohol-withdrawal treatment, in
workplace monitoring programs, and for the differen-
tiation of ethanol derived from intake of ethanol or
generated post-mortem or post-sampling by fermenta-
tion in forensic cases.
Experimental
Chemicals and Sample Preparation
Ethyl sulfate sodium salt was obtained from ABCR
(Karlsruhe, Germany) (purity 99.8%), hexa-deutero etha-
nol (anhydrous, purity99.5%) from Sigma-Aldrich, (De-
isenhofen, Germany), sulfuric acid (95–97%), HPLC-grade
acetonitrile and formic acid (analytical grade) fromMerck,
(Darmstadt, Germany). EtG and D5-EtG standards were
obtained fromMedichem (Stuttgart, Germany). Deionized
water was prepared with a cartridge-deionizer from
Memtech (Moorenweis, Germany).
D5-EtS was synthesized by adding D6-ethanol (116 L;
1.96 mMol) to sulfuric acid (106 l, 1.93 mMol) in an
autosampler vial and heating for 60 min at 80 °C. A
dilution of the reaction mixture with water (1: 100,000;
vol/vol) was stored, and 20l of this D5-EtS solutionwere
added to each urine sample prior to analysis. For calibra-
tion, the same amount of this internal standard solution
was added to EtS-free urine samples, which had been
spiked with 0.05–50 mg L1 EtS (prepared from a stock
solution with 1.18 g L1 EtS sodium salt, equal to 1 g L1
EtS). For determination of EtG, parameters of the previ-
ously published method were used [10]. After the addi-
tion of deuterated standards, 0.1 ml urine samples were
diluted to 0.2 ml with 0.1% formic acid and 10 L were
injected into the LC-MS/MS system.
Controlled drinking experiments with healthy volun-
teers have been approved by the ethics commission of the
University Hospital Freiburg. Four male and four female
volunteers (age: 21–63) drank 0.1 to 0.2 L of sparkling
wine (9 or 18 g ethanol) with a brunch. Spot urine samples
were collected up to 44 h. Furthermore, one volunteer
drankwine (0.54 L; 49 g ethanol) in the evening, spot urine
samples were collected for 36 h at variable intervals. Urine
samples were stored at 20 °C until analysis.
Creatinine values have been determined by the Jaffe
reaction with picrinic acid and urine ethanol concentra-tions (UAC) by a standard headspace gas chromato-
graphic method with a flame-ionization detector (HS-
GC/FID; cut-off: 0.004 g dL1).
Instrumentation
The LC-MS/MS system consisted of an API 365 triple-
quadrupole mass-spectrometer fitted with a turbo ion-
spray interface (Applied Biosystems/Sciex, Darmstadt,
Germany) and a Shimadzu HPLC system (three pumps
LC10AD Shimadzu, Duisburg, Germany). Analyses
were performed with electrospray ionization using a
turbo ionspray source in the negative mode. EtS and
EtG were separated at 40 °C on a polar-endcapped
phenylpropyl reversed phase column (Synergy Po-
lar-RP 250  2 mm, 4 m) with a guard column (4 mm
 2 mm, same packing material) (Phenomenex,
Aschaffenburg, Germany). The mobile phase consisted
of solvent A [aqueous 0.1% formic acid (vol/vol)] and
Solvent B (acetonitrile). The following gradient elution
was used at a flow-rate of 0.2 mL min1: 0–1 min: 0% B,
1–3 min: 0–30% B linear, 3–7 min 30–95% B linear, 7–8:
95%–0% B linear, 8–15 min: 0% B for re-equilibration.
To enhance signal intensity, acetonitrile was added
with a post-column “tee” before the effluent enters the
turbo ionspray interface. With a six-port/two-way
switching valve (Labpro, Rheodyne) the LC-effluent
was admitted to the MS interface only between 3 and 6
min of the chromatographic retention time. The turbo
ionspray source was operated at 400 °C with an ioniza-
tion voltage of 4 kV, and nitrogen as curtain gas and
nebulizer gas. Analysis was performed by multi-reac-
tion monitoring, using the precursor ion at m/z 125 and
the product ions at m/z 80, 97 for EtS, and precursor ion
at m/z 130 and product ions at m/z 80 and 98 for the
internal standard D5-EtS (dwell-times: 200 ms for each
transition, defragmentation potential: 20 V, focussing
potential: 150 V, entrance potential: 10 V, collision
cell entrance potential: 10 V, collision energy: 20 eV
(for monitoring the non-fragmented precursor ions
with m/z 125 and 130, respectively) and 35 eV (for the
product ions), collision cell exit potential: 15 V, ana-
lyzer gas pressure: 2.4–0.7  105 torr nitrogen; unit
resolution for Q1 and Q3). For EtG determination the
previously described isocratic LC-method was used,
but EtG was also monitored in the gradient method for
EtS (MRM-transitions for EtG: Precursor m/z 221, prod-
uct ions: m/z 75, 85, 113, and 159, precursor ion at m/z
226 and product ion at m/z 75 for the internal standard
D5-EtG); (instrument parameters see [10]).
Results and Discussion
Method Development and Validation
The characteristic precursor ions with ESI in the nega-
tive mode of EtS and D5-EtS are [M  H]
 125 and 130,
respectively. The product ion spectra (summed spectra
obtained at three collision energies: 20, 35, and 50 eV,
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,
m/z 97 [HSO4]
 and m/z 98 [DSO4]
.
For determination of the limit of detection (LOD)
and the limit of quantitation (LOQ) B.E.N.-software 2.0
[14] has been used, based on a linear regression model
according to the German Industrial Norm DIN 32645
with equidistant concentration levels in the low concen-
tration range (0, 0.1, 0.2, 0.3, 0.4, and 0.5 mg L1 EtS),
with an -error of 1% and a relative confidence interval
of 33% (k 3) for the quantifier transition (125/97). The
transitions 125/80 and the non fragmented precursor
ion have been monitored as qualifiers for identification
of EtS. For quantitation of samples and for method
validation a weighted linear regression (1/) was used
by the quantitation wizard of the Analyst software. A
calibration curve with a spiked urine sample—which
was free of EtS prior to spiking—is shown in Figure 2.
By use of a weighted linear regression (1/) good
correlation was obtained (R2  0.9997) over the whole
concentration range. Repeatability (intra-day precision
and inter-day precision) and accuracy (bias) were de-
Figure 1. Product-ion spectra of EtS and D5-EtS (precursor ions
m/z 125 and 130).
Figure 2. Calibration with spiked urine samples (range: 0.1–50
mg L1 EtS).termined by replicate analyses of spiked urine samples
used as quality control samples with three concentra-
tion levels of EtS (0.2, 5.0, and 25 mg L1, respectively).
Analyses were performed five times on one day and
once on five different days, respectively. The validation
data for low, medium, and high concentration levels
were: intra-day precision: 7.21%, 3.51%, 4.40% relative
standard deviation (RSD); inter-day precision: 9.07%,
4.41%, 2.54% RSD; bias (inter-day): 6.6%, 6.8 and
0.32%. The LOD and LOQ were 0.05 and 0.11 mg L1
EtS in urine, respectively.
Figure 3. Ion chromatograms of a urine sample of a female
volunteer 1.5 h after drinking sparkling wine with 9 g ethanol
content ( 7.6 mg L1 EtS and 5.9 mg L1 EtG were determined).Figure 3 shows the typical ion chromatograms of the
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for EtS (125/80 and 125/125) at 4.1 min in a urine
sample obtained from a female volunteer 1.5 h after
drinking 0.1 L of sparkling wine (9 g ethanol). Addi-
tionally, the ion chromatograms of D5-EtS (130/98—
used for quantitation—and 130/80) and for EtG (221/
75) and D5-EtG (226/75) at 4.8 min are shown.
Stability of the D5-EtS stock solution during storage
at 4 °C was confirmed by comparison of ion ratios
(EtS/D5-EtS) with freshly prepared EtS solutions for 26
days. For stability tests upon storage, a positive urine
sample from a volunteer study was stored at room
temperature on the lab bench for twenty days. No
significant degradation was detected during this time in
both experiments.
Urinary Excretion Profile of EtS and EtG
The time course of urinary excretion of EtS and EtG of
a female volunteer after drinking 9 g ethanol is pre-
sented in Figure 4. The excretion profiles of the other
volunteers showed similar characteristics, with longer
excretion times after consumption of higher amounts of
ethanol (up to 36 h after 49 g ethanol uptake). Due to the
correlation of EtG concentration and creatinine concen-
tration [15], EtS-100 and EtG-100 were calculated by
normalizing to a creatinine concentration of 100 mg
dL1.
The determination showed high specificity: No EtS
or EtG were detected in the baseline urine samples of
the volunteers collected after one week of abstinence,
and no interferences with other compounds were found
in the retention time window of EtS (4.1  0.2 min) for
the quantifier ion (125/97). However, in some cases
with low EtS concentrations the qualifier ions were not
chromatographically baseline separated from earlier
Figure 4. Time course of urine EtS-100 and EtG-100 (after nor-
malizing to creatinine concentration of 100 mg dL1) of the female
volunteer from Figure 3.eluting compounds.Conclusions
In these first drinking experiments with healthy volun-
teers, EtS was detected in urine for up to 26 and 36 h
after drinking 9 and 49 g ethanol, respectively, and was
detectable up to 16 to 27 h longer than ethanol in urine.
Similar detection times were found for EtG and EtS. EtS,
therefore, can be used as a marker for ethanol consump-
tion in a similar way as ethyl glucuronide. The need for
a second specific short-term marker for alcohol con-
sumption arises from the growing legal relevance of
EtG-testing especially in workplace-monitoring pro-
grams in the United States [16]; therefore, the determi-
nation of EtS can be used for confirmation of an EtG
positive urine sample. When the question of recent
alcohol consumption has to be answered by yes or no,
like for the question of lapses, the use of EtG or EtS in
urine can be suggested as a test of first choice. The
presented method fulfills the requirements for forensic
confirmatory analysis of EtS.
References
1. Vestermark, A.; Boström, H. Studies on Ester Sulfates. V. On
the Enzymatic Formation of Ester Sulfates of Primary Ali-
phatic Alcohols. Exp. Cell Res. 1959, 18, 174–177.
2. Boström, H.; Vestermark, A. Studies on Ester Sulfates. VII. On
the Excretion of Sulphate Conjugates of Primary Aliphatic
Alcohols in the Urine of Rats. Acta Physiol. Scand. 1960, 48,
88–94.
3. Bernstein, J.; Martinez, B.; Escobales, N.; Santacana, G. The
Pulmonary Ethanol Metabolizing System (PET). Res. Commun.
Chem. Pathol. Pharmacol. 1983, 39, 49–67.
4. Bernstein, J.; Meneses, P.; Basilio, C.; Martinez, B. Further
Characterization of the Pulmonary Ethanol Metabolizing Sys-
tem (PET). Res. Commun. Chem. Pathol. Pharmacol. 1984, 46,
21–36.
5. Bernstein, J.; Basilio, C.; Martinez, B. Ethanol Sulfation by the
Pulmonary Ethanol Metabolizing System (PET). Res. Commun.
Chem. Pathol. Pharmacol. 1990, 68, 219–234
6. Manautou, J. E.; Carlson, G. P. Comparison of Pulmonary and
Hepatic Glucuronidation and Sulfatation of Ethanol in Rat and
Rabbit in Vitro. Xenobiotica 1992, 22, 1309–1319.
7. Carlini, E. J.; Raftogianis, R. B.; Wood, T.C.; Jin, F.; Zheng, W.;
Rebbeck, T. R.; Weinshilboum, R. M. Sulfation Pharmacoge-
netics: SULT1A1 and SULT1A2 allele frequencies in Cauca-
sian, Chinese, and AfricanAmerican subjects. Pharmacogenetics
2001, 11, 57–68.
8. Bonte, W.; Ruedell, E.; Sprung, R.; Frauenrath, C.; Blanke, E.;
Kupilas, G.; Wochnik, J.; Zäh, G. Experimental Investigations
Concerning the Blood-Analytical Detection of Small Doses of
Higher Aliphatic Alcohols in Man. Blutalkohol 1981, 18, 399–411.
9. Helander, A.; Beck, O. Mass Spectrometric Identification of
Ethyl Sulfate as an Ethanol Metabolite in Humans. Clin.
Chem. 2004, 5, 936–937.
10. Weinmann, W.; Schaefer, P.; Thierauf, A.; Schreiber, A.; Wurst,
F. M. Confirmatory Analysis of Ethyl Glucuronide in Urine by
Liquid-chromatography/Electrospray-Tandem-Mass-Spectro-
metry. J. Am. Soc. Mass Spectrom. 2004, 15, 188–193.
11. Aderjan, R.; Babel, B.; Briellmann, T.; Daldrup, T.; Demme, U.;
Hallbach, J.; Hartung, M.; Harzer, K.; Herbold, M.; von Meyer,
L.; Moeller, M.; Musshoff, F.; Schmitt, G.; Weinmann, W.
Anlage zu den Richtlinien der GTFCh zur Qualitätssicherung bei
forensisch-toxikologischen Untersuchungen. Anhang A: Anfor-
1648 DRESEN ET AL. J Am Soc Mass Spectrom 2004, 15, 1644–1648derung an einzelne Analysenmethoden. Toxichem., Krimtech. 2000,
67, 13–16. (http://www.gtfch.org/GTFChneuEngl.htm accessed May 24,
2004.)
12. Stolker, A. A. M.; Stephany, R. W.; van Ginkel, L. A. Identifi-
cation of Residues by LC-MS. The Application of New EU
Guidelines. Analusis 2000, 28, 947–951.
13. Rivier, L. Criteria for the Identification of Compounds by Liquid
Chromatography-Mass Spectrometry and Liquid Chromatogra-
phy-Multiple Mass Spectrometry in Forensic Toxicology and Dop-
ing Analysis. Anal. Chimica Acta 2002, 492, 69–82.14. Schmidt, G.; Herbold, M.; Aderjan R. B.E.N.: Bestimmungs-,
Erfassungs-, und Nachweisgrenzen. Software Version 2.0
(http://www.pts-gtfch.de/), accessed May 24, 2004).
15. Dahl, H; Stephanson, N.; Beck, O.; Helander, A. Comparison
of Urinary Excretion Characteristics of Ethanol and Ethyl
Glucuronide. J. Anal. Toxicol. 2002, 26, 20–204.
16. Wurst, F. M.; Skipper, G. E.; Weinmann, W. Ethyl Glucuro-
nide—The Direct Ethanol Metabolite on the Threshold
from Science to Routine Use. Addiction 2003, 98(Supl. 2),
51–61.
